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1 Pathogenesis
1.1 Pathogenesis of elephantiasis, and historical contro-
versy as to on the role of bacterial infection
Elephantiasis occurs in the chronic stage of lymphatic
filariasis due to the obstruction of lymphatic vessels by fi-
lariae. After invasion into lymph vessels, third stage larvae
grow to maturity in the lymphatic system, mainly in and
around the genitourinary system. Amaral et al. (1994) [1]
observed actively moving adult worms in dilated and tortu-
ous lymphatic vessels by ultrasonography. The subsequent
blockage leads to lymphedema of the legs, arms, mammae,
and other peripheral parts of the body. This situation causes
hyperplasia of the connective tissues of the subcutis. The
secondary and recurrent bacterial or fungal infections act to
form the rough appearance of limbs and other parts of the
body like elephant hide.
Historically, elephantiasis, or elephantiasis arabicum,
was well known, but the etiology was enigmatic. Prior to
the development of elephantiasis, lymphangitis, erysipelas-
like skin changes and filarial fever occur. These early symp-
toms were called “kusafurui” or “baku” in Japan, “mumu”
in Samoa and “wanganga” in Fiji. The acute symptoms led
scientists to suspect various etiologies for elephantiasis.
Matsushita et al. (1914) [2] mentioned in their review that
Manson (1883) suggested filariasis as the cause of elephan-
tiasis because of the similarity in the geographic distribution.
They also introduced the work by Moncorvo (1886) who
concluded streptococcal infection as the cause, and that by
Innes (1886) who proposed the existence of two types of
elephantiasis, one originating from filariasis and the other
from erysipelas. In this way, no concrete causative mecha-
nism was shown even in the early 1900s.
In Japan, Matsushita et al. (1911) [3] reported the re-
sult of their first survey performed in 1908 at Tanegashima
Is., Kagoshima prefecture. They found streptococci from
the skin and blood in 19 out of 26 elephantiasis cases. Later
they examined some 4,500 patients and concluded that
streptococci were responsible for the symptoms. The rea-
son: they found very few microfilaremia in the elephantiasis
cases but noted a rather high microfilaremia rate in the non-
symptomatic persons. They even concluded that microfilar-
iae were harmless to humans. Based on this hypothesis,
they developed vaccine for elephantiasis and examined its
protective activity. Matsushita and his colleagues reviewed
all the results (1914) [2].
Mochizuki and his colleagues criticized Matsushita’s
conclusion, which, based on the clinical and parasitological
evidence, completely overruled the involvement of filariasis.
From 1911, Mochizuki’s group adopted night blood surveys
and examined inhabitants of endemic areas such as
Amakusa in Kumamoto prefecture. Detailed clinical and
epidemiological analyses were reported in their papers
(1912, 1913a 1913b) [4-6]. At the 10th annual meeting of
the Society of Internal Medicine, very interesting and
heated discussions unfolded between the two groups, bacte-
riologists vs. clinicians, on the etiology of erysipelas-like
fever/elephantiasis. It is now recognized that the basic cause
of elephantiasis is filariasis and that bacterial and fungal in-
fections are involved in the aggravation of the disease.
In the recent global elimination program of lymphatic
filariasis conducted since 2000, as proposed by WHO, we
are adopting morbidity control of lymphedema/elephantia-
sis using sterilizing techniques to suppress bacterial infec-
tions on the affected skin. This morbidity control program is
reminiscent of the old but serious discussions on the etiol-
ogy of filarial fever/elephantiasis.
Later, in order to clarify the causative mechanism in
the erysipelas-like change, Bun (1921) [7] experimented by
injecting Dirofilaria extract and streptococci into human
and rabbit skin. He concluded that both parasite and bacte-
rial components were necessary to cause the skin inflamma-
tion. Yamasaki (1953) [8] considered that proteinase-like
components of filaria were responsible for the skin inflam-
mation, based on his experiment using Dirofilaria extract.
1.2 Pathogenesis of chyluria
In the chronic stage of Wuchereria bancrofti infection,
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̐ ̓chyluria or hemato-chyluria was commonly seen in en-
demic areas in Japan. Chyluria is essentially urine with the
appearance of milk (chyle) due to the inclusion of fat, pro-
tein and coagulated fibrin. Hemato-chyluria is chyluria con-
taminated with blood. Clinically, chyluria is devastating for
patients, because of the loss of protein and fat leading to fa-
tigue, pain resulting from urethral obstruction with coagu-
lated fibrin or protein, and mental suffering due to urine
colored like milk.
Studies on this symptom have been conducted by vari-
ous groups, particularly urologists. Hayashi (1921) [9] sum-
marized the process of chyluria as follows based on patho-
logical observations: First, congestion of lymphatic fluid
and dilatation of vessels occur as a result of occlusion of the
filarial parasite in a peripheral lymphatic vessel. Then the
bacteria play a role to cause local inflammation and further
promote congestion/dilatation of vessels (Fig 1). The fluid
is gradually concentrated into a sticky state. Thus the ductus
thoracicus is also affected showing dilatation and blockage
of the lymphatic passage. Eventually, the fluid backflows
into urine through renal fistulas formed by the structural de-
formity of lymphatics. Chyluria thus appears clinically.
Based on this hypothesis, Kume (1929) [10] experimentally
ligated the ductus thoracicus of 25 dogs at the anastomotic
portion of the ductus with the left subclavicular vein. This
experiment successfully revealed chyluria in 6 dogs. How-
ever, the experiment done on rabbits was unsuccessful.
Later, various urologists intensively investigated the
radiological findings of chyluria cases using retrograde
pyelography. By this technique, they revealed marked pyelo
-lymphatic connections in chyluria patients (Fig. 2). The
backflow of the lymph disappeared when chyluria was
cured by the injection of sodium iodide into the renal pelvis.
Actually, all these mechanisms of chyluria were investi-
gated by researchers of Nagasaki University Hospital. As
stated in the following section 7.2.2(2), a unique surgical
technique was proposed by Prof. Katamine, Nagasaki Univ.,
in 1952.
2T r e a t m e n t
2.1 Treatment of scrotal and penile elephantiasis
As a result of the lymphatic occlusion by filarial para-
sites, elephantiasis occurs in genital organs such as the scro-
tum, penis, labium, and clitoris. In man in Japanese en-
demic areas, scrotal elephantiasis cases were not uncom-
mon and the patients needed surgical treatment. In the early
stage, swelling of the scrotum is mainly associated with hy-
drocele. This lesion can be rather easily treated by aspira-
tion of liquid using a syringe fitted with a thick needle. Sev-
eral hundred ml to (in rare cases) several liters of the liquid
Fig. 1 Congestion and dilatation of pelvic lymphatics seen
in a chyluria case. [Reproduced from Otsuji [22]]
Fig. 2 Pyelo-lymphatic connection shown as backflow of
contrast medium in retrograde pyelography. [Re-
produced from Otsuji [22]]
̐ ̔are seen in each hydrocele. However, in the chronic stage,
elephantoid change occurs on the skin of the scrotum and
penis, the latter becoming buried in the growth of elephan-
tiasis of the scrotum. In the attempt to reconstruct surgically
the affected scrotum or penis, various operations were re-
ported historically. One of such early works is that of
McDonald and Huggins (1950) [11].
In Japan, Shirahama et al. (1982) [12] reported recon-
struction surgery for a huge penile-scrotal elephantiasis case.
A 51-year-old man from Tokunoshima Is., an endemic fo-
cus in Kagoshima prefecture, was suffering from a penile-
scrotal elephantiasis of 60 cm in length, 42-75 cm in cir-
cumference, and 12.5 kg in weight. By retrograde ure-
thrography they found the glans and urethra in the huge ele-
phantoid tissue. They successfully reconstructed the penis
and scrotum (penoscroto-plasty) after the excision of excess
tissues.
2.2 Chyluria
(1) Renal pelvic instillation therapy
The purpose of this therapy is to cauterize and obstruct
the fistulas between the renal calices or pelvis and the renal
lymphatics (Okamoto and Ohi, 1983) [13]. Thus various tri-
als of renal pelvic instillation were performed; with 50%
glucose, 10-25% bromide and 0.1-0.5% silver nitrate.
Okamoto and Ohi (1983) [13] applied the instillation to
chyluria patients with increasing concentrations of silver ni-
trate solution (0.1% up to 0.5%). In their treatment of 217
cases conducted between 1952 and 1973, 129 (59.4%) ex-
perienced cessation of chyle excretion and 23 (10.6%)
showed improvement, but 65 (30.0%) were unchanged.
Two years later 22 (48.9%) out of 45 cases examined
showed no recurrence. More recently Sabnis et al. (1992)
[14] reported their study using this method.
(2) Surgical treatment of chyluria
Katamine (1952 a,b) [15,16] reviewed various previ-
ous reports on the origin of chyluria and, as mentioned
above, concluded that lymphatic fluid causing excretion of
chyle flows reversely from larger lymphatic vessels to the
renal pelvis. Based on this hypothesis, he surgically blocked
the surrounding lymphatic vessels connected to the affected
kidneys in 5 chyluria patients. The first case who underwent
the operation was a 21-year-old male mineworker who had
been experiencing continuous chyluria for 2 weeks. The
lymphatic vessels connected to the affected kidney were cut
and blocked. After the operation the patient did not excrete
chyle anymore and on the 5th day after operation, only clear
urine was seen even after provocation with 50 g fat. The
second case was a 45-year-old female with intermittent he-
maturia since the age of 7 years. A pencil-sized lymph ves-
sel leading to the affected right kidney was blocked together
with net-like lymphatics. Approximately 3 days after the
operation, the patient showed hematuria but without protein
or fat. The hematuria was gradually reduced and eventually
no macroscopic hematuria was seen. At 15 days post-
operation, the provocation with 50 g fat induced no chyluria
at all. The third case, a 21-year-old male carpenter, suffered
chyluria 7 months after operation. However, urological ex-
amination showed that the chyle was flowing from the op-
posite ureter of the un-operated kidney. Likewise, the fourth
case, a 36-year-old female farmer experienced chyluria 7
days after operation. In this case too, the un-operated kid-
ney was found to be affected by the reverse flow of lym-
phatic fluid. Summarizing all these first surgical trials, com-
plete blockade of lymphatic vessels leading to the kidney
was remarkably effective for the treatment of chyluria/he-
matochyluria. Katamine (1962) [17] named this surgical
treatment the interruption of renal pedicle lymphatics. This
method was widely applied to chyluria patients mainly by
Okamoto and his colleagues in Japan. They reported the re-
sults of 70 operated cases (1964) [18]. Later they summa-
rized the work performed in the endemic areas of southern
Kyushu in their paper (Okamoto and Ohi, 1983) [13]. Ac-
cording to this report, 375 (97.9%) of 383 patients showed
complete cessation of chyluria immediately after the opera-
tion, while only 0.8% showed no improvement. Two years
later no recurrences were seen in 119 (74.4%) of 160 cases
examined. Among 41 cases with recurrence of chyluria, 13
cases (8.1%) were found to excrete chyle from the contra-
lateral kidney. Considering the presence of active transmis-
sion, or reinfection, of filariasis in those days, it can be con-
cluded that this treatment was very successful. According to
Okamoto and Ohi (1983) [13], the purpose of this operation
was to isolate the affected kidney and upper ureter from ad-
jacent tissues by ligation of the renal pedicle lymphatics
that accompany the renal vessels.
The surgical treatment was then successfully adopted
by foreign surgeons like Torres and Estrada (1962) [19],YU
et al. (1978) [20] and Karanjavala et al. (1979) [21].
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